Object. The aim of this study was to assess whether outcomes from excision of acoustic neuroma vary among patients and have a material impact on their quality of life (QOL).
UBLISHED reports of outcome after acoustic neuroma surgery tend to be very much from the surgeon's perspective, concentrating on surgical access, complications, facial nerve preservation, and mortality rates. [4] [5] [6] 14, 17 Indeed, it has been stated that "removal of an acoustic neuroma not only produces a cure but results in normal QOL and life expectancy." 16 The evidence for this statement is lacking. Although recently more attention has been paid to patients' perspective in focusing on their functional ability, generic QOL assessments have not been widely applied.
In two studies QOL has been assessed following acoustic neuroma surgery by using specific QOL measures. 10, 22 In the study by Irving, et al., 10 the authors suggested that the postoperative QOL for patients with acoustic neuroma was excellent, but this result may have been biased because of the overall structure of the questionnaire. Van Leeuwen, et al., 22 discovered a considerably lower general health status postoperatively compared with that of the general population and further found that general health status was closely correlated with QOL, suggesting that this is also worse compared with the norms. However, both studies incorporated scales designed for cancer patients participating in clinical trials, with an individually designed disease-specific component. Neither of these components had been used in other published studies or was validated. There were no normative data for either QOL measure.
Nikolopoulos, et al., 17 used a questionnaire based on the Glasgow Benefit Inventory to assess changes in QOL in a nonconsecutive sample. The Glasgow Benefit Inventory relies on the patient's retrospective comparison of health pre-and postoperatively to assess benefit, and includes one question to assess change in QOL. Whether it is better, the same, or worse depends greatly on the patient's preoperative QOL. Hence, this can only be compared with QOLs reported in other studies in which change is assessed, not with an absolute QOL. Nor can the QOL be compared with that of the normal population. Moreover, the problems associated with retrospective assessment are well known. 3 There have been several other studies in which patient-reported symptoms were used to assess outcome and QOL, 1, 18, 25 but none has involved the use of generic measures. The present study was therefore designed to assess postoperative symptoms in a consecutive cohort of patients after translabyrinthine excision of an acoustic neu-roma, which is the surgical approach most commonly used in the UK. In addition, QOL was analyzed using the SF-36, which is a generic QOL measure that includes general population norms. 24 The principal aim of the study was to assess the impact of translabyrinthine surgery and postoperative disability on QOL as reported by patients.
Clinical Material and Methods
A questionnaire booklet was sent to 97 consecutive patients who had undergone translabyrinthine surgery by the same surgical team for a unilateral acoustic neuroma between 1992 and 1995. This approach is widely used and although it does not preserve hearing, it does enable early identification of the facial nerve and involves minimal retraction of the cerebellum. Patients who did not respond to the initial mailing were sent one reminder.
The questionnaire booklet consisted of the SF-36 QOL measure and an inventory of pre-and postoperative symptoms and postoperative outcomes derived from the Wiegand and Fickel 25 questionnaire. In addition to being reliable, valid, and widely accepted, the SF-36 can be used to distinguish among various stages of illness and the severity thereof. 23, 24 Furthermore, this method of QOL assessment is not limited by retrospection over long periods of time because it includes only a 4-week recall period. 3 Treatment effects can be detected across a broad range of health-related areas, and outcomes can be compared across a range of different interventions, diseases, and populations. Numerous studies have been published on the SF-36, including normative data to enable interstudy comparisons. The SF-36 can be self-administered and completed within 10 minutes. It is a multiple-item scale that measures multiple categories to assess eight health concepts: physical functioning, role-physical, social functioning, role-emotional, general health, mental health, bodily pain, and vitality. The Wiegand and Fickel questionnaire has both open and closed questions, which were categorized and tabulated, and includes questions about incidence and severity of symptoms.
The patients were also asked to assess their own facial function by using both self-estimate and self-measurement. The self-measurement method was devised by Wiegand and Fickel and involved measuring the amount of eyebrow and corner of the mouth movement possible against a graduated marker. Raw data were then converted to House-Brackmann grades.
Patients also recorded their pre-and postoperative symptoms, employment status, and the degree to which they were satisfied with preoperative information; they also commented on the rehabilitation program assigned to them. Additional data collected from medical records included the patient's age and sex and tumor size (independent neuroradiological measurement of the extracanalicular portion of the tumor on magnetic resonance images), the clinician's assessment of facial function 12 months postoperatively, 11 and time elapsed since surgery. All data were analyzed using SPSS/PC+ for Windows (SPSS, Inc., Chicago, IL). Unless otherwise stated, nonparametric methods were used and a probability level of less than 0.05 was considered to be significant.
Results
Seventy-six questionnaires were returned, yielding a 78% response rate. The composition of the nonresponding subgroup was essentially the same as for those who responded, in terms of tumor size and patient age and sex.
The mean age of the respondents was 52 years (range 16-74 years); 53% were men. The mean tumor size was 2.5 cm (range 0.5-5.5 cm); 10% of tumors were 1 cm or smaller, 53% were 1.1 to 2.5 cm, 25% were 2.6 to 4 cm, and 12% were larger than 4 cm. The mean time elapsed since surgery at questionnaire completion was 18 months, with an interquartile range of 19 months.
Frequency and Duration of Preoperative Symptoms
The incidence and duration of preoperative symptoms reported by patients were comparable with those reported in other studies 8, 12, 13, 19, 20, 22, 25 (Table 1) ; this sample can therefore be considered typical.
Frequency and Severity of Postoperative Symptoms
The incidence of audiological symptoms, together with their severity, is given in Table 2 . Paradoxically, 4% of respondents believed that their ipsilateral hearing was preserved.
Only 20% of the patients had three or fewer different postoperative symptoms, 38% had between four and six symptoms, and only 13% reported 10 or more. Women re- ported significantly more symptoms than men (MannWhitney U-test, z = 2.1). There was a significantly lower incidence of contralateral hearing problems in women (the Fisher exact test, F = 5). Tinnitus affected sleep in 14% of respondents.
Balance problems were exacerbated by movement in 74% of patients, and 28% believed that their balance problem was incapacitating. Those with larger tumors were more likely to have balance problems (Fisher exact test, F = 1.508).
The majority (63%) of respondents reported facial nerve dysfunction postoperatively. Only 6% of these patients claimed they had normal function 1 month after their operation; 25% said they had partial movement, but an overwhelming majority (69%) reported having no function. Of those who had experienced recovery of facial nerve function, 63% reported that it took longer than 9 months. In 28% of respondents, facial nerve function still had not returned at the time of the survey. Details of patients' self-estimates and self-measurements of facial movement at the time of the survey (mean 18 months postoperatively) are given in Table 3 , together with the clinician's classification at 1 year postoperatively, which was assessed using the House-Brackmann method. 9 In this sample the patients clearly estimated their facial function to be worse than the grade indicated by self-measurement, yet the clinician's estimation of their facial function was considerably better than both self-estimate and selfmeasurement, even though the clinician's assessment was completed an average of 6 months before the patients'.
The incidence of other postoperative symptoms is listed in Table 4 . Major problems most frequently identified were balance (78%), facial nerve dysfunction (63%), and tinnitus (57%), whereas headaches, anxiety, sleeping problems, depression, and dental problems occurred less often. Eye problems were more common in younger people (linear-by-linear association, p Ͻ 0.001, x = 11.3) and women (Fisher exact test, p Ͻ 0.001). Women reported facial pain significantly more often than men (Fisher exact test, p Ͻ 0.02).
The frequency and severity of symptoms did not vary significantly with time since surgery, except facial function, which improved significantly over time (Fisher exact test, p Ͻ 0.001, x = 13.4).
Information, Rehabilitation, and Work Capacity
Eighty-two percent of respondents were satisfied with the preoperative information they received. Older people were more satisfied with postoperative information (linear-by-linear association, x = 8). Only 14% were members of the British Acoustic Neuroma Association. The majority (74%) of those who had undergone this surgery would offer positive advice to a patient with a newly diagnosed tumor.
Only 14 people (19%) had used a hearing aid and 73% of these were fitted before surgery. Fifteen patients (20%) had received help for their balance problem; five (33%) received medication, eight (53%) underwent physiotherapy, and 14 (93%) received a combination of these. Also, 48 (63%) of 76 had received help for their facial nerve dysfunction. As the duration since surgery increased, there was a significant increase in the help received (Fisher exact test, p Ͻ 0.02, x = 2.03).
Of those patients still of working age, 32% had changed their employment as a result of the surgery.
Quality of Life and Its Relationship to Symptomatology
The SF-36 has eight dimensions: bodily pain, general health, mental health, vitality, role-emotional, role-physical, social functioning, and physical functioning. The median scores together with upper and lower quartiles for the eight dimensions are given in Table 5 . Mean scores are illustrated in Fig. 1 together with UK population norms.
11
Note that a score of 100 represents the best possible and a score of 0 represents the worst possible QOL.
Notably low mean and median scores can be seen for vitality and role-physical dimensions. Statistically significant differences (assessed using the Student t-test because normative data were given in parametric form) were found between the present dataset and the norms for the dimensions general health, vitality, role-physical, social functioning, and physical functioning.
The patients were split into two groups according to elapsed time since surgery: those who filled in the questionnaire after less than 12 months and those who filled in
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Quality of life after acoustic neuroma surgery 213 the questionnaire after more than 12 months since surgery had elapsed. No statistically significant differences were found between these two groups.
Data were also examined to determine whether there were any effects of tumor size or patient age or sex. Significantly lower physical functioning scores were found for those with larger tumors (Ն 2.5 cm; F = 10.8, Fisher exact test). When analyzed using analysis of variance, older patients had lower scores for physical functioning (F = 13.8) and lower role-physical scores (F = 5.15). Women had significantly lower scores for vitality (F = 4), physical functioning (F = 4.48), and bodily pain (F = 4.46), which were assessed using Fisher exact test. The number of postoperative symptoms reported was associated with all SF-36 dimensions except vitality and physical functioning, with lower scores for those patients with more symptoms.
Severity of postoperative tinnitus, contralateral hearing problems, and facial functioning were not significantly associated with SF-36 scores. However, the degree of severity of postoperative balance problems was associated with the social functioning score, with more severe problems associated with reduced social functioning (Fisher exact test, F = 2.99).
Thirty-two percent of respondents reported a change in employment as a result of their acoustic neuroma. Whether this change was for the better or worse is undetermined because of a poorly worded question. Those who did change employment had statistically significantly more bodily pain (Fisher exact test, F = 6.1). There was also a suggestion that lower role-emotional scores were found in this group.
Discussion

Principal Findings
In this cohort of patients with acoustic neuroma studied postoperatively, QOL compared with normative data showed significantly reduced values for all SF-36 dimensions except bodily pain, mental health, and roleemotional. There was no correlation between the patients' perceived facial function and their self-measurements. There was also a discrepancy between facial function as measured by the patient and the surgeon's objective assessment. There was no clear relationship between facial function and QOL measurements. In addition, there was no correlation between increasing numbers of postoperative symptoms and QOL, or between severity of postoperative symptoms and QOL. This finding indicates that the patient's or clinician's assessment of outcome after acoustic neuroma surgery may not be ideal, and supports the need for more objective measures such as the SF-36 QOL instrument. The relationships between these findings have not been highlighted previously.
Study Design
The present study has the following advantages: consecutive patients were evaluated; the same surgical team performed the procedure by using a single operative approach; and a robust, reliable, and reproducible outcome measure was used. The survey response rate was satisfactory at 78%, and the profile of nonresponders was similar to that of the responders.
Effect of Time Elapsed Since Surgery
Interestingly, there was no significant change in any of the QOL scores or in the frequency of postoperative symptoms as time since surgery increased. There was a significant improvement in facial function with increased time since surgery, in agreement with other studies, 2, 25 but no improvement in balance function, which differs from the findings of Wiegand, et al. 26 This difference could be attributable to differing surgical approaches.
Relationship Between QOL Measurements and Postoperative Symptoms
Results of the SF-36 emphasized that both physical dimensions were significantly lower than the norm, in particular role-physical (61% of the norm). This was the only score that was significantly below 80% of the norm. Patient age had an effect on both physical scores, but be- Quartile   bodily pain  84  100  61  general health  77  87  41  mental health  72  88  56  vitality  48  65  35  role-emotional  100  100  33  role-physical  25  100  0  social functioning  75  100  38  physical functioning  73  95  45 * The SF-36 scores range from 100 to 0, 100 being the best possible QOL and 0 being the worst. cause this effect was also found in the normal population as well, the acoustic neuroma surgery may not be causative. 11 Women scored lower in the physical functioning dimensions, a pattern similar to that observed in the normal population. No particular postoperative symptom appeared to cause this low score, although patients with larger tumors and more postoperative symptoms had lower physical functioning scores. No significant relationship was found between severity of balance problems and physical functioning scores. Patients with larger tumors tended to have more balance problems, which led to limitations in physical functioning, but this was not statistically significant.
In this study, patients with acoustic neuromas had significantly reduced levels of energy for slightly more than one half the time in the 4 weeks before completing the questionnaire compared with the normal population. This gives some support to the common complaint of tiredness and lack of drive in some patients. Women tended to have lower scores, but this finding is present in normative data. Interestingly, vitality was unrelated to the number of postoperative symptoms.
Social functioning was significantly affected by balance problems and resulted in a lower score than that noted in patients with Ménière disease. 15 General health was good in those with fewer postoperative symptoms who had higher scores. Logically, an increase in the number of postoperative symptoms would be expected to affect vitality and physical functioning, but such a relationship was not demonstrated in this study.
The scores with respect to bodily pain, mental health, and role-emotional were a minimum of 92% of the norm. Although postoperative headaches were reported by slightly fewer than one half of the patients, the effect on bodily pain was less than expected. It would seem that these headaches were no more severe than those in the normal population, nor did they affect work capacity more. However, there is a possibility that respondents did not consider headaches to be bodily pain. In the present study we identified a tendency toward lower pain scores (that is, more pain) in women, similar to the findings of Jenkinson, et al., 11 which leads us to suggest that this difference may be unrelated to surgery. No other investigators have reported a correlation between pain scores and work capacity. Mental health and role-emotional scores were unaffected by patient age or sex or tumor size.
In their study, Irving, et al., 10 used a cancer scale with five dimensions, but the only score given was the overall mean score. When the means of all eight dimensions were calculated for the present study an average of 85% was obtained, which is higher than that found by Irving, et al. (80%) . However, caution should be observed in comparing the two studies because no normative data are available for the cancer scale. Van Leeuwen, et al., 22 also suggested that there was a decrease in the QOL of the patients in their study compared with that of the normal Dutch population. In agreement with the Dutch findings, as the bodily pain score increased in our study, general health decreased. Because of the difference in data obtained in the Dutch study, further comparisons cannot be drawn.
Perception of Facial Function
Loss of facial function is one of the most commonly reported postoperative sequelae. The results from our study indicate that patients' perception of facial movement is likely to be worse than actual measured movement, even when this measurement is self-assessed. There is added doubt about the reliability of subjective reports of outcome because of the significant differences found in this study between assessments of facial function by patients' self-measurements and self-estimates, on the one hand, and the clinician's opinion on the other. Although the vast majority of clinicians use the House-Brackmann method of classification, 9 there are problems with observer consistency. 21 Although the clinician's assessment of facial function in this study yielded results that were comparable with those of other studies, 2, 5, 7 our contention is that QOL assessments are more meaningful because of the aforementioned problems.
Incidence of Postoperative Symptoms
The incidence of postoperative symptoms can be compared with that found in other studies ( Table 4) . The report by Parving, et al., 18 allows comparison with a sample of patients who underwent surgery via the translabyrinthine approach. The patients are similar in terms of age and sex but the assessments were completed at 18 months in our study and at an average of 6 years in the Parving study. This may explain the higher incidence of some symptoms (balance problems, headaches, and anxiety) in our study. This finding indicates that further improvement in symptoms can occur several years postsurgery. Alternatively, the lower incidence of balance problems in the study by Parving, et al., could be explained if the tumor sizes were smaller on average, but unfortunately this information is not given and therefore comparisons cannot be made. Compared with the suboccipital approach, it has been suggested in one study 13 that the translabyrinthine approach causes a higher incidence of balance problems and headache, and in another report 7 unexpectedly worse facial nerve outcome has been noted once differences in tumor size and time since surgery have been taken into account. Because of the limited results, conclusions should be drawn with caution. However, despite the different operative approaches used in other investigations, the incidence and range of most postoperative symptoms are similar to those recorded in the present study, indicating that the symptoms are related to the removal of the tumor rather than to the surgical approach.
It is interesting that the number of postoperative symptoms does not consistently reflect the QOL of these patients. This renders the postoperative assessment of such patients extremely difficult without an instrument to measure their health status.
Implications for Practice, Patients, and Clinicians
We recommend that for purposes of comparative audit and analysis of treatment protocols, including evaluation of different surgical approaches and different surgeons, a robust QOL measure such as the SF-36 be used. The data can then be more meaningfully compared, and the information provided to patients and caregivers will reflect in greater depth the probable impact of surgery on both patients' QOL and that of their immediate families.
Conclusions
In an unselected acoustic neuroma sample assessed postoperatively by using a generic instrument, QOL was significantly below the norm. This is the first time results have been compared in detail with normative values. We found that acoustic neuroma surgery has a significant effect on QOL. In particular, role-physical and physical functioning decreased, together with vitality, general health, and social functioning. The SF-36 mean score for role-physical was significantly below the norm, and below that for the other dimensions, which represents problems at work and other daily physical activities. Increased numbers of postoperative symptoms and/or larger tumors are associated only with worse physical functioning. More severe balance problems appear to lead to worse social functioning, and more bodily pain results in a more negative perception of general health. To assess outcome and QOL accurately, we advocate using generic QOL measures that can be compared with population norms, rather than relying exclusively on patient or clinician assessments.
